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MCNP® Registered Trademark

▪ MCNP® and Monte Carlo N-Particle® are registered 

trademarks owned by Los Alamos National Security, 

LLC, manager and operator of Los Alamos National 

Laboratory. Any third party use of such registered marks 

should be properly attributed to Los Alamos National 

Security, LLC, including the use of the ® designation as 

appropriate. Any questions regarding licensing, proper 

use, and/or proper attribution of Los Alamos National 

Security, LLC marks should be directed to 

trademarks@lanl.gov.
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Background – Event Generators

▪ CEM

– “Cascade Exciton Model”

– 100 MeV ≤ E ≤ 4.5 GeV

▪ LAQGSM

– “Los Alamos Quark-Gluon

String Model”

– 4.5 GeV/A ≤ E ≤ 1 TeV/A
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Image courtesy of the European 

Spallation Source (click here for 

more information).

http://scienceblogs.com/startswithabang/2017/06/11/comments-of-the-week-164-from-black-holes-to-moons-with-moons-of-their-own/
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Background - Physics

▪ The reaction is broken into stages

– Precompound stage

• IntraNuclear Cascade (INC)

• Coalescence

• Preequilibrium

– Compound stage

• Evaporation

• Fission

– Fermi breakup
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Image courtesy of the European 

Spallation Source (click here for 

more information).

http://scienceblogs.com/startswithabang/2017/06/11/comments-of-the-week-164-from-black-holes-to-moons-with-moons-of-their-own/
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Background - Physics

Flow chart of the calculations underwent by the spallation models used 

in MCNP.
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(Precompound)

(Compound)

d up to 4He, and up 

to 7Be in CEM03.03F
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Introduction

▪ Motivation is to investigate the deprecation of 

LAQGSM

– GSM will be as comprehensive as CEM and 

LAQGSM combined

▪ GSM was built on the code of the CEM and 

LAQGSM event generators

– GSM is an expansion of CEM
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Introduction

Slide 10

▪ Can be used in place of CEM and LAQGSM 

within MCNP

▪ Benefits include

– Generally improved predictions

– Less legacy code
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A small segment of LAQGSM code.
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Introduction
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▪ GSM offers predictions for particle

– Production cross sections

– Multiplicities 

– Kinetic energies

– etc.

▪ Where can GSM be used?

– Recall that GSM requires large kinetic 

energies
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Introduction - Applications

▪ Accelerators

▪ Medical

▪ Space
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Image courtesy of CERN (click here

for more information).

Image courtesy of Pijls-Johannesma, Madelon, et 

al., "Do we have enough evidence to implement 

particle therapy as standard treatment in lung 

cancer? A systematic literature review." The 

oncologist 15.1 (2010): 93-103.
Image courtesy of NASA (click here for 

more information).

https://home.cern/topics/large-hadron-collider
https://www.nasa.gov/multimedia/imagegallery/image_feature_2136.html
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Work Performed

▪ Added LAQGSM physics to GSM

– Namely the time dependent cascade model

▪ Data analysis

▪ Some Verification and Validation (V&V)

– Namely Software Quality Assurance (SQA)

Slide 15



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

UNCLASSIFIED

Topics

▪

▪

▪

▪ Results

▪

▪

Slide 16



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

UNCLASSIFIED

Results
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▪ Removed ~30% of LAQGSM code

– 12,000 lines!

▪ More user options and

a more robust output

▪ Generally improved

predictions
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Results - Threshold

▪ GSM uses the cascade model from the CEM 

event generator below the threshold energy for 

incident nucleons, pions, and photons

▪ GSM uses the cascade model of the LAQGSM 

event generator otherwise

▪ How do the cascade models compare?
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Results - Threshold
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6He production cross section from 4.5 GeV neutrons striking 238U. No experimental data 

available.
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Results – High Energy Upgrades
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6He production cross section from 4.5 GeV neutrons striking 238U. No experimental data 

available.
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Results – High Energy Upgrades
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6He production cross section from 2.1 GeV/A 20Ne striking 238U. Data from Gossett et al.,

“Central Collisions of Relativistic Heavy Ions.”
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Results – High Energy Upgrades
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6Li production cross section from 480 MeV protons striking 107Ag. Data from Green et al.,

“Inclusive Production of Isotopically Resolved Li through Mg Fragments by 480 MeV p + 

Ag Reactions.”
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Results - Integrated Spectra
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10B production cross section from 5.5 GeV protons striking 238U. Data from Ponzaker, et 

al., “Fragment Production in the Interaction of 5.5-GeV Protons with Uranium.”
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Results - Integrated Spectra
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10B production cross section from 5.5 GeV protons striking 238U. Data from Ponzaker, et 

al., “Fragment Production in the Interaction of 5.5-GeV Protons with Uranium.”



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

UNCLASSIFIED

Topics

▪

▪

▪

▪

▪ Conclusion

▪

Slide 25



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

UNCLASSIFIED

Conclusion/Summary

▪ GSM predictions are similar to those of 

LAQGSM, with some generally improved 

predictions

– More improvements to be completed

▪ Removed legacy code (~30%)

▪ Further V&V is necessary
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Future Work

▪ Optimization

▪ V&V

▪ API/Driver

▪ Improvements

– Better predictions

– Modernization
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Image courtesy of 

Marketing91 from 

Hitesh Bhasin’s

blog (click here for 

more information).

Image courtesy 

of Retriever 

Media 

Informatie (click 

here for more 

information).

https://www.marketing91.com/efficiency-effectiveness/
https://www.retriever.nl/en/buzzword/api/
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Thank you!
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Questions?

Comments?

Chase Juneau - junechas@isu.edu

Leslie Kerby - kerblesl@isu.edu
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